Background: Strains on the capacities of intensive care units (ICUs) may influence the quality of ICU-to-floor transitions.
T he high costs of critical care and projected shortages in providers of this care in the United States (1-6) will impede the ability to augment critical care supply in response to surges in demand engendered by an aging population (7, 8) . Therefore, intensive care units (ICUs) will operate under conditions of increasing strain, providing care for greater numbers of more seriously ill patients (9) .
Strain on ICU capacity may have particularly strong influences on decisions to discharge patients from ICUs. Providers may discharge patients sooner than desired to open ICU beds, and time constraints may influence the quality of communication during patient handoffs. Previous single-center studies of the effects of isolated elements of ICU capacity strain have yielded mixed results. Some studies have suggested that more new admissions and increased bed occupancy were associated with worse outcomes among discharged patients (10, 11) , whereas others found that these strains on ICU capacity led to earlier patient discharges without changes in outcomes (12) (13) (14) . Distinguishing between these competing findings has important policy implications because if patient outcomes are affected, this would suggest that potentially beneficial ICU time is being rationed under conditions of strain. By contrast, if strain causes reductions in ICU length of stay (LOS) without harming patients, this would suggest that strain causes clinicians to limit low-value extensions of ICU stays (15) . Therefore, we explored the consequences of several metrics of ICU capacity strain (9) on patients who survived their initial ICU stays during hospitalization in a large, nationally representative sample of ICUs in the United States. Unlike previous studies, this approach yielded generalizable results and substantial power to detect changes in patient outcomes that we hypothesized would be influenced by the daily census, proportion of new admissions, and acuity of other patients in the ICU at the time when patients were discharged from the ICU.
METHODS

Study Design
We conducted a cohort study of ICU patients who were discharged from an initial ICU admission to a hospital floor or step-down unit. The primary exposure variables we examined were 3 measures of ICU capacity strain, each calculated at the time of discharge from the ICU. Among these discharged patients, outcomes included initial ICU LOS and several post-ICU discharge outcomes. that retained real date and time stamps for all patients' ICU admissions and discharges, we had a unique opportunity to determine how patients coinhabiting ICUs influenced each other's outcomes.
Patient Selection
We included ICUs in the United States that provided at least 12 months of consecutive data during the study (Figure 1 ). We included all eligible patients except for those admitted to ICUs during periods of relative inactivity (admission of fewer than 20 patients per 3-month period) to account for ICUs that were either beginning or ending their participation in Project IMPACT. We then excluded patients who were younger than 18 years, were classified as moribund or had limits on their care beyond do-notresuscitate orders at the time of ICU discharge (because subsequent death is an expected outcome in these patients), and were ineligible for Mortality Probability Model III (MPM 0 -III) score calculation (pediatric, burn, and coronary care patients). The MPM 0 -III is a commonly used ICU severity-of-illness adjustment system yielding condition-based scores that are calculated from physiologic
Context
At times, intensive care units (ICUs) have too many acutely ill patients for their staffing. One response is to discharge patients from the ICU who probably would have otherwise remained.
Contribution
When ICUs were strained, patients stayed for a shorter time and were somewhat more likely to be readmitted to the ICU. However, there were no increases in patient mortality rates, no greater overall length of hospital stay, and no reductions in the odds of being discharged from the hospital to home.
Caution
Long-term outcomes were not studied.
Implication
When ICUs are strained, discharge decisions seem to be efficient without being harmful. and laboratory data obtained within 1 hour of ICU admission (20) .
-The Editors
To promote data independence, we analyzed only initial ICU discharges within a hospitalization. However, because Project IMPACT does not track patients across hospitalizations, those who were discharged from the hospital and then readmitted may have contributed more than 1 ICU admission.
Exposure Variables
We used 3 metrics of ICU capacity strain as primary exposures, each measured on the day of a patient's initial ICU discharge: census, admissions, and acuity ( Table 1) . The census included all patients spending at least 2 hours in the ICU each day, standardized to that ICU's mean, to account for differences in ICU size. Admissions represented the proportion of the daily census composed of new admissions that day; this variable accounted for possible differences in resource intensiveness between newly admitted and previously admitted ICU patients. Finally, acuity was calculated as the average predicted probability of death of other patients in the ICU, based on individual MPM 0 -III scores calculated on the day of admission. These measures stem from a conceptual model of ICU capacity strain (9) , and each has been shown to be independently associated with ICU physicians' and nurses' ratings of daily workload, supporting their construct validity (21) .
Risk Adjustment
We assessed and adjusted for confounding by severity of illness using the MPM 0 -III scores of the discharged patients (20) , plus variables indicating whether these patients were mechanically ventilated or received vasoactive infusions (vasopressors or inotropes) during their initial ICU stays. We further adjusted for discharged patient demographic and admission characteristics ( Table 2) .
Outcomes
We focused on ICU discharges to hospital floors or step-down units to ensure that all patients were eligible for all outcomes. We first evaluated LOS (in hours) during the initial ICU admission. Length of stay was calculated as the number of hours from ICU admission to ICU discharge. Second, we assessed readmissions to the ICU within 72 hours. We chose 72 hours as the cutoff in base analyses because it represents the median interval between ICU discharge and readmission for U.S. patients (16, 22) . Third, we calculated in-hospital mortality rates for all patients from the time of initial ICU discharge through hospital discharge, including patients who died during an ICU readmission. Fourth, we evaluated post-ICU discharge hospital LOS. The sum of this variable plus initial ICU LOS equals total hospital LOS. Finally, we evaluated patients' ultimate destination at hospital discharge and specifically whether patients were discharged to home.
Statistical Analysis
Bivariate analyses evaluating each measure of ICU capacity strain's association with each outcome were done using linear and logistic regression for continuous and categorical variables, respectively. We used locally weighted scatterplot smoothing curves to determine whether continuous variables could be modeled linearly or required transformation (23) . Log transformation was done for discharged patients' MPM 0 -III scores and for the outcomes of ICU LOS and post-ICU discharge hospital LOS. In multivariable regression models, we included ICU year (each ICU identified separately during each calendar year) as a fixed effect to mitigate potential confounding by differences among ICUs or in ICU practices over time (24) . We included terms for each continuous strain variable and tested for 2-way interactions between strain variables for all regression models.
Several secondary analyses assessed the robustness of our findings. First, we examined the relationship between strain and ICU LOS using median regression to account for a positively skewed ICU LOS distribution. Second, we evaluated ICU readmissions at 48 hours instead of 72 hours because the former have been endorsed as a quality metric (16, 25) . Third, we tested additional elements of ICU acuity by adding variables representing the percentages of mechanically ventilated patients and of patients requiring vasoactive infusions in the ICU each day. Fourth, we repeated our analyses in a data set restricted to the top quartiles of either median ICU acuity or median percentage of occupancy to focus on the highest-acuity ICUs and those operating closest to physical capacity, respectively. Fifth, we evaluated the influence of strain on a group of patients who may be particularly susceptible to it, specifically those receiving mechanical ventilation or having a diagnosis of acute respiratory failure on admission.
Sixth, to explore the possibility that our results were influenced by a healthy survivor effect (that is, on highstrain days some patients who were marginally eligible for discharge died in the ICU such that those who are discharged are healthier), we evaluated the influence of ICU capacity strain on the odds of a patient dying on the day of discharge. Seventh, we restricted our analyses to exclude ICUs with more than 30% elective surgical patients because these patients had an increased likelihood of having an expected or scheduled discharge. Eighth, we reexamined ICU LOS for discharged patients after including patients admitted to ICUs with fewer than 20 patients per quarter year and those with fewer than 4 patients contributing MPM 0 -III scores. Lastly, we evaluated the potential effects of transfers by including patients having intrahospital and interhospital ICU transfers in the analyses. For intrahospital transfers, observed hospital outcomes were used. For interhospital transfers, we estimated outcomes on the basis of the observed mortality rate (24%) among patients admitted to Project IMPACT ICUs via interhospital transfer. Specifically, we randomly assigned 24% of interhospital transfer patients as deceased and used bootstrap resampling with 100 iterations to generate 95% CIs for the results of this secondary analysis. All analyses were done using SAS, version 9.3 (SAS Institute, Cary, North Carolina), and Stata, version 12 (StataCorp, College Station, Texas). This study was considered to be exempt by the Institutional Review Board of the University of Pennsylvania (Philadelphia, Pennsylvania).
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RESULTS
A total of 200 730 eligible patients survived their initial ICU admission and were discharged to a hospital floor or step-down unit (Figure 1) . Among such patients, 3.2% had an ICU readmission within 72 hours, 4.0% died in the hospital after their initial ICU discharge, and 63.3% were ultimately discharged directly home from the hospital (Table 2). Many of the foregoing measures varied considerably across the included ICUs (data not shown), consistent with the diversity of the ICUs in Project IMPACT (Appendix Table 1 , available at www.annals.org). Figure 2 displays the distributions of the 3 capacity strain variables when measured on the days of ICU discharge. In bivariate analyses, these capacity strain variables each displayed mixed associations with the 5 outcomes (Appendix Table 2 , available at www.annals.org). The variables were not highly correlated with each other (ICU census and admissions [r ϭ 0.23], ICU census and acuity [r ϭ Ϫ0.03], and ICU admissions and acuity [r ϭ Ϫ0.095]), enabling their joint inclusion in multivariable models. After additional adjustment for patient characteristics, each variable was inversely associated with ICU LOS (all P Ͻ 0.001) (Appendix Table 3 , available at www .annals.org). There was a significant interaction between ICU admissions and acuity (P ϭ 0.015) such that the effect of admissions on the decrease in ICU LOS was greater during times of higher acuity (Appendix Figure, available at www.annals.org). Hospital LOS after ICU discharge was longer among patients discharged on days with higher census (P ϭ 0.002), shorter among patients discharged on
Original ICU ϭ intensive care unit; IQR ϭ interquartile range. * The unit of analysis was each ICU day, and the y-axis plots the proportion of these ICU days during which the corresponding value of strain was experienced. days with increased admissions (P Ͻ 0.001), and not significantly associated with ICU acuity (P ϭ 0.076) (Appendix Table 3 ). Elevations in the strain variables were associated with greater odds of 72-hour ICU readmission in the fully adjusted model ( Table 3) . For every 1-unit change in census, the odds of 72-hour ICU readmission increased by 3% (P ϭ 0.030). Similarly, 10% increases in ICU admissions and acuity corresponded to 3% (P ϭ 0.053) and 5% (P ϭ 0.019) increased odds of ICU readmission, respectively.
Original Research
No capacity strain variable was associated with increased odds of subsequent in-hospital death or decreased odds of being discharged directly home from the hospital ( Table 3) . Discharge on days with increased admissions was associated with lower odds of subsequent in-hospital death (odds ratio [OR], 0.97 [95% CI, 0.94 to 0.99]) and higher odds of being discharged directly home from the hospital (OR, 1.01 [CI, 1.00 to 1.03]). No significant 2-way interactions occurred between any 2 strain variables when dichotomous outcomes were assessed.
To illustrate the magnitude of the regression findings, increases in all strain variables from the 5th to the 95th percentiles of their respective distributions resulted in a 6.3-hour (CI, 5.3 to 7.3 hours) reduction in expected ICU LOS for patients surviving their initial ICU stay and a 2.0-hour (CI, 1.0 to 3.0 hours) decrease in expected post-ICU discharge hospital LOS. Thus, corresponding increases in the 3 capacity strain variables resulted in an overall reduction of 8.3 hours in expected total hospital LOS ( Table 4 ). In addition to this decrease in total hospital ICU ϭ intensive care unit; OR ϭ odds ratio; SNF ϭ skilled nursing facility. * Entered in fully adjusted logistic regression with ICU year modeled as a fixed effect. † The OR for ICU census corresponds to a 1-unit change in standardized census, whereas the ORs for ICU admissions and acuity correspond to a 10% change in the proportion of new admissions and the predicted probability of death of the other patients in the ICU at the time of ICU discharge, respectively.
Original Research Outcomes Among Patients Discharged From Busy ICUs
LOS, raising all 3 variables from the 5th to the 95th percentiles resulted in a 1.0% (CI, 0.6% to 1.5%) increase in the probability of being readmitted to the ICU within 72 hours of ICU discharge and no significant change in mortality rates or hospital discharge destination ( Table 4 , available at www.annals.org). We found no consistent evidence that the effects of strain on ICU LOS varied significantly by an ICU's physician staffing model, academic affiliation, or service as a critical care fellowship training site (Appendix Table 5 , available at www.annals.org).
DISCUSSION
This study shows that the circumstances under which patients are discharged from ICUs to hospital floors vary considerably from day to day within each ICU and that these variations affect patient flow without changing shortterm outcomes. Specifically, ICU census, admissions, and acuity were associated with critical care use such that when these measures were elevated, initial ICU LOS was shorter than it would be otherwise. Of note, the observation that patients discharged on days with high-capacity strain had slightly higher odds of ICU readmission suggests that the reduction in ICU LOS induced by variations in capacity strain are sufficiently large to influence potentially consequential triage decisions. Nonetheless, these effects on triage did not influence in-hospital death or a patient's odds of being discharged home. Together, these results suggest that rather than causing the rationing of beneficial care (12, 13, 26 -28) , strain spurs providers to reduce their provision of what seems to be low-value care by critically reexamining needs for ICU-level care and transferring patients who could be equally well-managed outside the ICU setting.
Distinguishing reductions in low-value care provision from withholding clearly beneficial care has important clinical and ethical implications (15) . Avoiding waste serves the interests of individual patients and society simultaneously, whereas rationing beneficial care entails tradeoffs between these interests (26, 27) . To our knowledge, our study provides the most robust evidence to date that provision of critical care is not based solely on a clinician's assessment of individual patient needs. Instead, external factors, including the needs of other patients, influence decision making. Of note, under current conditions in ICUs in the United States, these influences do not seem to harm patients, at least in the short term. Indeed, our data support the hypothesis that systematic reductions in critical care use could be obtained without adversely affecting patients (29 -31).
Although reductions in ICU LOS may influence outcomes under conditions of higher strain in the future, our study suggests that this general conclusion has been true for some time. Our results are consistent with a singlecenter study from 3 decades ago suggesting that when ICU bed occupancy was high, ICU patients were more rapidly discharged without having adverse outcomes (12) . Whereas that study had limited generalizability and power to detect changes in patient outcomes, our study of more than 200 000 patients discharged from 155 ICUs in the United States could have detected very small effects had they been present.
Similar questions about the value of certain types of ICU care were raised by a recent study demonstrating that New York hospitals that manage most patients with diabetic ketoacidosis in non-ICU settings achieve similar riskadjusted hospital LOS and mortality rates as hospitals that initially admit most of these patients to the ICU (32). This suggests that many ICUs admit patients who would benefit equally from a lower level of care.
Although the reductions in ICU LOS we noted were modest, decreasing ICU LOS by even a few hours for all patients admitted to the nearly 100 000 ICU beds in the United States each year (33) could reduce the overall use of critical care. Thus, we may accommodate part of the surging demand for critical care by increasing ICU efficiency rather than using the higher-cost approach of building more ICU beds (33-38). Our study is also consistent with previous investigations showing that singular metrics of strain are associated with more frequent ICU readmissions (10, 11, 39) . However, our observation that variations in ICU capacity strain influence readmission rates without ultimately affecting patient outcomes suggests that ICU readmissions may not be causally related to the quality of ICU care (40) . This suggests the need for caution in adopting ICU readmission rates as a measure of ICU quality (25, 41) . Indeed, our results suggest that such a policy may yield the unintended consequence of causing physician reluctance to discharge patients in an efficient manner.
Our study has limitations. First, the ICUs participating were not randomly selected. Nonetheless, Project IMPACT ICUs represent the diversity of U.S. critical care with respect to ICU size, location, academic affiliation, and the characteristics and illnesses of patients (16) . Further, our hierarchical design allowed assessments of the effects of strain within ICUs, with those effects then averaged across ICUs, promoting the internal validity of the comparisons (24) . Second, we have not experimentally quantified the value of several extra hours of critical care. Because randomly assigning similar patients to longer versus shorter ICU stays would be ethically challenging, we believe that our design provides reasonable alternative evidence that low-value extensions of ICU stays are commonly provided in the United States. Third, we could not directly measure the outcomes of patients transferred to other hospitals during times of high or low strain. However, these transfers comprised only 2.3% of Project IMPACT ICU discharges, and a secondary analysis that used bootstrap resampling to estimate these patients' deaths provided results nearly identical to our primary analyses. Fourth, because Project IMPACT does not collect post-hospital discharge data, we could not measure the effects of strain on long-term outcomes or account for possible hospital readmissions. However, any adverse effects of capacity strain on the day of ICU discharge would most likely manifest close to the time of discharge. Fifth, our study does not measure the influence of strain on patients discharged directly home or to skilled nursing facilities or other post-acute care settings (Appendix Table 6 , available at www.annals.org). Sixth, we did not have data on other exogenous influences of capacity strain, such as the availability of hospital beds. Because reduced availability of hospital beds would diminish the ability to discharge patients from the ICU, strain may have had greater effects on ICU LOS if hospital beds were plentiful. Finally, our study was not designed to help clinicians identify when specific patients are ready for ICU discharge.
In summary, the census, proportion of new admissions, and acuity of patients in an ICU all influence bed allocation decisions without impacting important outcomes for patients having ICU-to-floor transitions. Rather than confirming fears of critical care rationing, these results suggest that many patients in ICUs in the United States are too well to benefit from ongoing critical care and that bed pressures prompt physicians to allocate ICU resources more efficiently. Each line represents the relationship between ICU admissions and predicted ICU LOS stratified by deciles of ICU acuity ranging from 6% (lowest decile, depicted by lightest gray line) to 29% (highest decile, depicted by black line) average predicted probability of death of other patients in the ICU. Results stem from fully adjusted models. ICU ϭ intensive care unit; LOS ϭ length of stay. 
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